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. University of Wisconsin
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The two asynchronous ac/dc/ac systems shown in figures 1 and 2 are
in the process of being modelled at the University of Wisconsin. The -
figures contéin"thekmainfihformatiohfahdﬁarelgomeWhat'sélf;gxPlépathy 
such that only a brief explanation is contained herein. ‘The system of
figure 1 can use~a“variable:OfYCOhéfahtfHértZiﬁlternatbffdrive:suCh'as ‘
can be provided by wind pdwef;"Thé”systEm‘bf'figﬁfeﬂlfgénefatES”Cref}‘l)
variable Hertz ac, rectifies this with a frequency independent’three—phase
two;way,'siX5pu15e‘bridge%rebtifiéffCSééfihset)zpbefétihgﬂWith‘cOnStant
current control, and parcels this constant IR among pumped-storage, dec
loads, and the high-c paéity‘GDihéftszridgejihVertéf;‘aIéOjopeféfingVV‘
usually‘under'constaﬁt‘cubféhf’COnfrblﬁfc;C;Cj *

| IrTE . The 60-hertz bridge
inverter comprises a'stéblé7link7toxthetpOWérfcbmpany'td“éithEr7éupplé:*
ment them from wind energy,;storage,ror fromVa'cqmbination of both at a
preset desired current. In that the rectifier and inverter are identical,
they are'"cbnverfﬁrs"‘ahd’can‘opefate inVeitherfméde"quending,Qh;the -
silicon-control-rectifier (SCR) firing angle . Thus, if needed, the
inverter can go over into rectifier mode and pump back into storage.
Tests were run at a wide range of wind-bus hertz and with rectifier C.C.C.
set at higher and lower levels than‘the,ipverter C.C.C.,7,storage>ﬁaking
up the slack. ‘The‘system‘is,no 1?‘ensitiVE"'in“that,,forfgiVen,CQC.C.'
settings, Sw3 can be opened and closed at will - suddenly - activating
or cutting off the inverter current to the 60-hertz power company bus.
The system is presently modelled as a three-phase ac generation/dc/three-
phase 60-hertz inversion, but a singlé+phasékGO;hertzVC;C;C,Tinvébtér

_The system;of,figurevz,employs the same rectification but from a
60-hertz alternator arrangement (refs. 2 to 4). This system is missing

the high-power 60-hertz inverter tie to the large backup supply of the
power company, and it is thus meant to be a self-contained electric supply.
System 2yhas\the1qptionﬁqf_maiglyédc output, some sinusoidal 60-hertz from

the wind bus and some high harmonic content 60 hertz from the 800-watt

inverter. Work is presently under way to do some wave shaping on inverters
of this type to investigate the harmonic tolerance of various appliances
(vef. 5).. . ' e CEEG O T e B R e B

Figures 3 to 8 are mostly self-explanatory and show the instantaneous
waveforms of voltage found at the indicated places in figure 1.  Of note
are the following: R G o ' A
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(1) "Zero" voltage exists‘during;conduction of an SCR.

(2) The "safe negative, but large, voltage exists across a
rectlfler SCR durlng its off perlod

: ,llymtroubl ome large p051t1ve voltage (shown
in flg 7) eX1sts on an 1nverter SCR durlng 1ts off tlme

(H) The harmonic content 'n:the brldge voltages increases in all
‘ tmutatlng angles are greater

116W‘thé deion
the reason for

g a Controlled Rectlfler Power Demodulator.‘ AIEE
Paper No. CP60- 1053 San, Dlego Callf Aug. 1960.

Gratefﬁl acknowle gment to the perrnynivac cbfp"aﬁa’tﬁéfUniv.
~of W1scon51n Research Commlttee for their encouragement and
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,DISCUSSION

With the rectifiers you were descrlblng, s 1t p0351ble to charge
two frequencies?

No. I had a little 1u pole generator, 14 poles develops 60-cycles
at 514 rpm. I ran it over 5000 rpm and operated it with no delay
and with delay The rectifier is independent of the frequency.
will pump into storage constant current control All solid state
controls. w1ll operate at that frequency :

It

We. found the converters were extremely expenslve.

They are’ expens1ve, but I would like to add that this 1nverter-con-
verter scheme, this particular graph's type bridge, is what's used.
in the present-day, large-scale dc power llnks.; There are a dozen
or.so operatlng within the world, and there is practlcally no limit
on the size of these converters. With the present state of the art,
this rectlfler and this 1nverter can be built for 3000 megawatts.

I belleve thls solves the problem of the- varlable at one - speed

The rectifier is independent of the frequency. The inverter will
operate strlctly at-60- cycles and tie rlght onto the: ex1st1ng supply

Is that generally cheap in a. system - are there any hydraullc'
variations?
I'm assuming that somebody can supply the proper w1nd generator

and
I take it from the electrlcal end :

Automacic, Vatiable ‘Pitch Self-l-'e-thuing., “ 7 £.0.C. w constant eurreat control
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" FIGURE 5. No-Load Rectififer SCR Voltage o # 0

* FIGURE 6. Full—Load Rectifier SCR Voltage

a=0 .'u~17°

‘For same full load uis. less because of
greater. commutating voltage when o> 0.

l—'120°+].l

RECTIFIER

»Inverse
- voltage,

FIGURE 7.

Full—Load Converter SCR Voltage - a

Positive SCR voltage,

- ‘lowﬁs-ir*yf i deionvangle Y

25°, p=7

Each notch and
dent occurs at:
some SCR commu-
tating‘pair

Repeating
lipe-line -
short circuit

Full—Load Line—Line Voltage

’ FIGURE 8. ACW

Remarks. 1. The system of Fig. 1 operates
in.a normal manner with rated Vacw on the
wind—bus and rated:Vjcp on the Power Co. bus,
for any level of Storage Battery System bus :
voltage from’ 10% ‘to 100% of normal. The oper-—
ation for lower Storage bus ‘voltages merely

" changes to; ‘Targer firing ‘angle< ‘and a- ‘diff-
~erent;C.C.C: setting for the same constant

current .

2; For low Storage bus—voltage (due to temp-

»orary partial outage) the harmonic content
“{ncreases, the SCR-voltages go lower and

‘shift to the left in all the above figures,

~~and the volt—ampere—reactive/requirement of
both, AC busses unfortunately increases. This °
‘would be a temporary situation, usually.
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